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Purpose: Although functional differences have been described between patients with
lower extremity bone sarcoma with amputation and limb-preservation surgery, differences
have not clearly been shown between the two groups related to quality of life. The pur-
pose of the study was to determine if there is a difference in overall quality of life in lower
extremity bone sarcoma survivors related to whether they had an amputation or a limb-
preservation procedure while identifying psychological differences for further evaluation.
The main hypothesis was that sparing a person’s limb, as opposed to amputating it, would
result in a better quality of life.
Patients and Methods: Eighty-two long-term survivors of lower extremity bone sarcoma
were studied to make a comparison of the overall quality of life, pain assessment, and psy-
chological evaluations in limb preservation and amputation patients. Forty-eight patients
with limb preservation and thirty-four patients with amputations were enrolled in the study.
Validated psychometric measures including the Quality of Life Questionnaire (QLQ), the
Minnesota Multiphasic Personality Inventory, and visual analog scales were utilized.
Results:The overall quality of life of patients with limb preservation was significantly higher
than patients with amputation (p-value<0.01). Significant differences were noted in the
categories of material well-being, job satisfiers, and occupational relations.
Conclusion: The overall quality of life of patients with limb-preservation appears to be
better than for those patients with amputation based on the QLQ in patients surviving
lower extremity bone sarcoma. Further analysis needs to verify the results and focus on
the categories that significantly affect the overall quality of life.
Keywords: sarcoma, quality of life, amputation, limb salvage, orthopedic outcomes
INTRODUCTION
Significant improvements have occurred in the treatment of
extremity sarcoma patients over the past few decades. The vast
majority of bone sarcoma patients underwent amputations for
local tumor control a few decades ago. Surgical procedures being
utilized for treatment have evolved (1). New surgical techniques
such as en bloc resections with replacement by internal pros-
theses, and multimodality therapy including chemotherapy and
limb-preservation surgery have become available (2–7). Limb-
preservation surgery includes wide excision of tumor bearing bone
and soft tissues and typically implantation of an endoprosthe-
sis. In several trials limb-preservation surgery demonstrated no
adverse impact on survival of patients with soft tissue sarcoma and
osteosarcoma although the trials were difficult to control (8–10).
Currently more than 90% of patients with extremity sarcoma
undergo limb-preservation procedures (11). With improved adju-
vant therapy, large numbers of patients will be long-term survivors
(11–13). It is important to optimize their psychosocial function-
ing and quality of life which may be affected by surgery. In several
prior studies, limb-preservation surgery has not clearly demon-
strated a significant difference in the quality of life for patients
with bone and soft tissue extremity sarcoma, with the evidence
showing mixed results (14–24).
It seems intuitive that limb preservation would preserve bet-
ter quality of life and psychological health. This difference has
yet to be clearly demonstrated in the studies performed and out-
lined previously. The level of functioning in long-term survivors
of sarcoma who undergo either limb preservation or surgery or
amputation is generally high. The measures used in the previ-
ous studies may not have been sufficiently sensitive to detect a
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difference or the studies under powered (25, 26). Previous studies
of quality of life and psychosocial functioning have demonstrated
ongoing changes with increasing time from completion of therapy
(26, 27). The purpose of our study was to compare the two groups
in a larger patient group with more comprehensive measures.
We employed the Minnesota Multiphasic Personality Inventory
(MMPI), QOL questionnaires, visual analog pain scales, and a
socioeconomic assessment in order to identify more subtle vari-
ances in psychological functioning and quality of life and obtain
statistical power.
PATIENTS AND METHODS
The Division of Orthopaedic Surgery at Memorial Sloan-Kettering
Cancer Center (MSKCC) has established and maintains a data-
base of all operative procedures. Over the past 20 years, almost
200 patients have had amputations and over 400 patients have had
limb-preservation surgery of the lower extremity for the treatment
of bone sarcoma. Approximately 60% of these patients survived
their malignancies. Most of these patients are long-term survivors,
more than 5 years beyond all planned therapy with no evidence of
disease. We offered participation in this study to this group of
long-term survivors. The Memorial Hospital Institutional Review
Board approved this study. The orthopedic database was reviewed
and operative reports were examined to select patients who fit the
criteria for eligibility. All subjects were between the ages of 14 and
50 years of age; the ages for which the psychological measure are
validated. They were also all native English speaking, due to the
fact that the questionnaires administered were only available in
English. All patients had a lower extremity bone sarcoma. Forty-
two patients who were at least 1 year following limb amputation
of the lower extremity and fifty-eight patients who were at least
1 year following limb-preservation surgery of the lower extremity
were asked to participate in the study. Eighty-three patients were
enrolled in the study. One limb-preservation patient did not com-
plete all the questionnaires so the patient was not included in the
analysis. Patients with rotationplasty/turn plasty procedures were
excluded as these patients have issues related to both amputation
and limb preservation. Patients who underwent limb preservation
that failed and had a secondary amputation are not included here.
Failures are common and may occur at a rate of 1% per year for
distal femoral tumors and higher for tibial tumors (28). Patients
were initially contacted by telephone and mail and a signature
indicating informed consent was obtained was required for partic-
ipation. Data regarding age at time of surgery, surgical procedure
performed, tumor site, disease, and time elapsed since surgery were
obtained by review of the surgery database and operating room
reports.
The study involved obtaining quality of life and psychological
measure of these patients and comparisons of the measures were
used to assess for differences in quality of life and psychological
outcome. The psychometric measure required approximately one
half day of the subjects time and a majority of the patients were
tested in the outpatient facilities of MSKCC. The remainder of
the patients had the tests sent to their homes and they returned
the tests to our facility. The patients’ charts were also reviewed
at the time of testing for birth and surgical procedure dates. We
employed several robust and time consuming assessment tools to
aid in measurement of psychological outcomes and quality of life.
The Quality of Life Questionnaire (QLQ) is a 192 item, group form
self-report measure,which takes approximately 30–45 min to com-
plete was purchased from Multi-Health Systems (Toronto, ON,
USA). The test items are used in the scoring of 15 content scales and
a social desirability sale. The content scales are used to comprise a
single overall score representing the patient’s assessment of quality
of life. The domains assessed include material well-being, phys-
ical well-being, personal growth, marital relations, parent-child
relations, extended family relations, extramarital relations, altru-
istic behavior, political behavior, job satisfiers, job characteristics,
creative-esthetic behavior, and sports activity (29). Each question
consists of a statement, which is answered either true or false. Inter-
correlations with two independent inventories of physical health
and general well-being were all statistically significant (29). The
QLQ is validated for patients aged 18 and above (29). The MMPI
is a psychological personality measurement device that assesses
an array of psychological states and traits such as dysphoria, anx-
iety, ego strength, substance abuse proclivity, somatic concerns,
and socialization (National Computer Systems, University of Min-
nesota, Minneapolis, MN, USA) (30, 31). Detailed descriptions of
the different domains can be found in the manuals and hand-
book accompanying the assessment (30, 31). The questionnaire
requires approximately 90–120 min to complete. The MMPI ado-
lescent version is validated for patients 14–18 years of age and
the adult version is validated for those over the age of 18 (30,
31). The validity scales include measures designed to determine
if the subject is attempting portray themselves in a negative man-
ner (K-Defensive) or alternatively filling out the questionnaires
carelessly (VRIN-variable response inconsistency and TRIN-true
response inconsistency). The questionnaire includes measures of
anxiety, depression, obsessiveness, health concerns, anger, cyn-
icism, self-esteem, aspirations, conduct, social discomfort, and
negative treatment indicators (30, 31). The demographic assess-
ment was a written questionnaire which gathered information
about the patients’ education level, employment status, occupa-
tion, marital status, and annual income, where patients were able
to fill in blanks. A Visual Analog Scale was used as a pain assess-
ment where patients answered three questions about the extent of
the pain experienced by placing a mark on a 100-mm horizontal
line. The 0 mm end was designated the minimum and the 100-mm
end labeled as the maximum pain or interference experienced. The
questions asked include the following: amount of pain felt on aver-
age over the past month, amount of pain that interferes with daily
activities over the past month, and amount of pain that interferes
with sleep. The Visual Analog Scale has been validated for patients
greater than 5 years old (32).
Statistical analysis was done using STATA 9.2 (StataCorp, Col-
lege Station, TX, USA). The primary analysis, the difference of the
main outcome variable, Total Quality of Life (part of the QLQ),
was analyzed between the two groups. For each group compari-
son, the statistical test used was a two-sample Wilcoxon Rank Sum
(Mann Whitney), chi-square test, a two-sample t test with equal or
unequal variances, or a two-sample test of proportion. There were
no confounding factors or effect modification observed. The study
was designed to detect at least a 10% difference in the total quality
of life yielding a power of 92%. Using a simple linear regression
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model between the main outcome and the other measured out-
come categories, the factors that affected the Total Quality of Life
were examined.
RESULTS
Eighty-three patients agreed to enroll on the study of a planned
total of 100, but one patient did not complete all the assessments.
The characteristics of the 82 patients who participated in the
study are summarized in Table 1. The majority had been treated
with limb-preservation procedures (n= 48) and the remainder
having had amputations (n= 34). Demographic and medical
information were obtained and quality of life and psychological
outcomes were scored. All of the patients completed the ques-
tionnaires described in the Section “Patients and Methods.” There
were no statistically significant differences in age range, sex, or
time since surgery between the two groups used in the study.
The percentage of males among the amputee group was 52.9%
and 52.1% in limb-preservation patients. The limb-preservation
patients demonstrated a greater education level, which was statis-
tically significant with a p-value of 0.03. No other measures were
statistically significant. The mean value for pain as indicated on a
10-cm scale was 2.11 for limb-preservation patients and 2.45 for
amputees. Although there were slight differences in activity and
sleep interference and pain levels between both groups, none were
statistically significant.
The QLQ revealed significant differences in material well-being,
occupational relations, creative-esthetic behavior, and sports activ-
ity (Table 2). Social desirability revealed a trend favoring limb-
preservation surgery (p-value= 0.06).
Table 1 | Characteristics of patients with lower extremity bone
sarcoma.
Amputation Limb
preservation
P -value
No. of subjects 34 48
Age (mean±SD, range) 27.6±10.4
(14.9–49.9)
25.6±8.3
(14.0–49.5)
0.51
Sex (M) 18 (52.9%) 25 (52.1%) 0.94
Age at surgery (mean,
SD, range)
19.5±9.7
(7.0–46.7)
20.0±7.7
(9.8–44.6)
0.30
Years since surgery
(mean, SD, range)
8.1±6.6
(1.1–23.4)
5.6±4.0
(1.1–16.9)
0.20
Employment
Employed 16 (47.1%) 31 (64.6%) 0.11
Marital status
Married 5 (14.7%) 14 (29.2%) 0.58
Education
Less than high school 8 11 0.03
Graduated high school 6 9
Higher than high school 20 27
Pain (mean, SD, range) 2.5±2.6
(0–10)
2.1±2.5
(0–8)
0.39
Activity interference
(mean, SD, range)
2.1±2.5
(0–10)
2.2±2.6
(0–9)
0.92
Sleep interference
(mean, SD, range)
1.7±2.6
(0–10)
1.2±2.0
(0–7)
0.45
The MMPI detected relatively few differences between the
groups (Table 3). The only domains in the Adult MMPI that
depicted notable differences were (K) defensiveness, where the
limb-preservation mean score was significantly higher, and (Mt)
college maladjustment, where the amputees mean score was sig-
nificantly lower. There were no statistically significant differences
noted between the groups on the adolescent MMPI (results
not shown) likely due to the small number of adolescents with
amputation in the study.
DISCUSSION
The purpose of this study was to compare the quality of life of sur-
vivors who underwent either amputations or limb-preservation
Table 2 | Comparison of the quality of life questionnaire of patients
with amputation and limb preservation.
Category Amputees
(mean±SD,
range) N =34
Limb preservation
(mean±SD,
range) N =48
P -value
Overall QOL 100.7±27.5
(37–151)
115.9±24.2
(63–168)
<0.01
Material well-being 36.7±12.3
(6–52)
44.2±12.6
(16–62)
<0.01
Occupational
relations
45.9±10.1
(22–64)
52.3±11.9
(22–64)
<0.01
Job satisfiers 46.6±8.2
(32–64)
54.19±7.49
(38–68)
<0.01
Creative-esthetic
behavior
50.3±10.4
(30–68)
54.83±8.95
(38–72)
0.04
Sports activity 46.1±9.5
(34–68)
50.9±10.6
(34–68)
0.04
Social desirability 42.7±10.3
(26–64)
47.5±11.8
(22–68)
0.06
Vacation behavior 43.8±13.2
(18–64)
49.2±10.3
(32–64)
0.12
Physical well-being 43.3±11.9
(20–62)
46.8±12.5
(10–68)
0.13
Extended family
relations
49.5±9.9
(30–64)
52.3±10.2
(26–64)
0.15
Marital relations 47.1±15.1
(18–62)
52.4±9.0
(30–62)
0.16
Extramarital
relations
51.2±10.9
(18–66)
54.4±8.7
(30–66)
0.17
Job characteristics 46.9±7.9
(34–60)
49.6±8.3
(30–60)
0.23
Altruistic behavior 44.9±10.3
(30–68)
47.5±9.2
(30–68)
0.24
Personal growth 47.9±10.9
(18–64)
50.1±10.2
(26–64)
0.36
Political behavior 46.2±9.0
(32–64)
47.1±11.3
(30–68)
0.76
Parent-child
relations
52.4±8.5
(42–62)
51.8±9.3
(34–62)
0.88
The overall quality of life is a T-score derived from all the sub-groups.
Average T-scores are 45–50.
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Table 3 | Comparison of the adult MMPI of patients with amputation
and limb preservation.
Category Amputees
(mean±SD,
range) N =30
Limb preservation
(mean±SD,
range) N =38
P -value
K (defensiveness) 53.6±8.7
(35–68)
59.5±10.2
(38–83)
0.01
Mt (college
maladjustment)
52.3±11.8
(33–84)
45.3±11.7
(16–78)
0.01
D (depression) 61.3±15.1
(36–104)
57.8±13.4
(39–92)
0.31
Sc (schizophrenia) 64.1±14.0
(42–111)
60.4±11.1
(40–95)
0.33
Mf-f (masculinity–
femininity) for
females
52.0±11.0
(34–74)
48.5±11.4
(32–66)
0.38
F (infrequency) 58.8±14.4
(44–102)
54.6±9.1
(44–82)
0.40
Ma (hypomania) 59.6±10.7
(40–83)
57.6±14.2
(25–91)
0.53
Mf-m (masculinity–
femininity) for
males
61.2±7.15
(49–73)
62.5±8.1
(45–74)
0.63
Pd (psychopathic
deviate)
59.9±12.3
(39–90)
58.7±10.9
(41–90)
0.67
Hy (conversion
hysteria)
59.8±10.8
(44–86)
60.8±7.3 (47–76) 0.68
Hs (hypochondriasis) 60.0±13.8
(39–95)
59.0±9.1
(44–82)
0.70
Si (social introversion) 51.1±10.0
(36–73)
50.3±9.0
(30–68)
0.72
Pt (psychasthenia) 58.5±11.3
(42–95)
58.4±10.8
(41–85)
0.91
Pa (paranoia) 60.5±12.6
(38–88)
60.5±7.1
(50–85)
0.96
T-scores and their correlation with each category: 85–90 extremely high, 75–80
very high, 65–70 high, 55–60 moderately high, 45–50 average, 35–40 moderately
low, 30 very low.
procedures for lower extremity bone sarcoma. Our hypothe-
sis was that sparing a person’s limb, as opposed to amputating
it, would result in a better quality of life. Our main outcome
variable, Total Quality of Life in the QLQ, demonstrated a sta-
tistically significant superior quality of life for the patients with
the limb-preservation surgery. The QLQ demonstrated that the
limb-preservation patients showed marked superiority to amputee
patients in the areas of material well-being, occupational relations,
job satisfiers, and sports activity; the majority of the other cate-
gories measured showed no statistical differences. The Minnesota
Multiphasic Personality Inventories failed to detect any major dif-
ference, aside from a higher defensiveness score noted in the adult
limb-preservation patients and a lower maladjustment score in
the adult limb-preservation patients. Of a total potential planned
accrual of 100 patients (50 limb-preservation patients and 50
amputee patients); 82 patients were accrued to participate in the
study. The accrual was adequate to detect a statistical significance
in the total quality of life domain. Our study demonstrates that
there is a benefit to limb-preservation surgery as compared to
amputation in regards to several psychological factors and total
quality of life.
In 1982, Sugarbaker et al. analyzed 26 patients with soft tissue
sarcoma who received either limb-preservation surgery or ampu-
tation utilizing several tests: Psychosocial Adjustment to Illness
Scale, the Sickness Impact Profile, the Barthel Function Scale, and
the Katz activities of Daily Living Scale (14). Although no dif-
ferences were found, the sample size was very small resulting in
a study with limited power which carries a high risk of type II
error (14). In 1985, Weddington et al. compared amputees and
patients with preserved limbs in terms of cognitive functioning,
affect, mood, body image, physical functioning, global psycholog-
ical adjustment to illness and surgery, and lifetime prevalence of
psychiatric disorders (15). No significant differences were recorded
between the two groups in this study (15). In 1992 Postma et al.
studied long-term survivors of extremity sarcoma and compared
patients who had received limb-preservation surgery to those who
had undergone amputations (16). Psychoneurotic and somatic
distress, activities of daily living, self-esteem, and adjustment to
illness were compared in the two groups. Although differences
were detected, they were not found to be significant (16). Chang
et al. investigated patients treated for extremity sarcoma with
limb-sparing surgery longitudinally for changes in psychosocial
functioning and quality of life (17). A questionnaire designed
by the investigators which included an economic assessment, an
assessment of sexual functioning, the McGill Pain Questionnaire,
and the Functional Living Index-Cancer were administered to
patients at 6 month intervals with the maximum follow up being
42 months. Over time, significant changes were noted in almost all
domains tested including employment status, sexual functioning,
pain, and global quality of life (17). Pardasaney et al. showed an
advantage of limb-preservation over amputation related to func-
tional quality of life (limping, unable to drive, etc.) (34). Ginsberg
et al. revealed that there were consistent differences in functional
mobility assessment among patients who had either amputation,
limb-preservation, and rotationplasty (35). Tabone et al. observed
lower results for girls, physical functioning, and self-esteem if they
had an endoprosthesis, and for family activity and pain associated
with relapse (18). More recently, Zabrack et al. noted that patients
with limb amputation had a significantly lower distress and anxi-
ety when compared to all other solid tumor survivors (36). Robert
et al. noted that patients’quality of life was related to the functional
aspect of the limb regardless of the type of surgery (37). Barrera et
al. showed that patients with limb-preservation surgery struggle
with sexual function as well as poor self-perception and depres-
sive symptom (38). In a subsequent study, Barrera et al. noted that
limb-preservation surgery, female gender, and older age were risk
factors for reduced health related quality of life (39).
Quality of life in patients with extremity sarcoma is affected by
limb preservation and amputation procedures. The presumed dif-
ferences in psychosocial outcome and overall quality of life suggest
that there is an advantage of quality of life of limb-preservation
compared to amputation that was statistically significant in this
study, in contrast to prior studies. The significance of this study is
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that it shows that there may be a direct benefit to limb-preservation
surgery as compared to amputation in regards to total quality of
life and identifies a few psychological factors that could be affected
by surgery, mainly defensiveness.
For the QLQ, the limb-preservation patients had a higher
mean value in every domain except parent-child relations. The
statistically significant differences were interesting in that the limb-
preservation patients had higher job satisfaction and occupational
relations, suggesting that they are happier in their jobs. It may
not be surprising that the sports activity is lower for amputation
patients (33). Although not quite reaching statistical significance,
social desirability is a domain worth analyzing. The way that
patients view themselves in society is critical to the importance of
limb-preservation surgery in regards to being cosmetically pleas-
ing to the person. Even though limb-preservation patients had
a higher score, it was still lower than the average person that
confirms the finding that patients with limb-preservation surgery
have issues with poor self-perception. Marital and employment
status are statistically significant areas in reference to the main
outcome variable, total quality of life. Limb-preservation patients
are more likely to be married and employed than the amputation
patients.
Possibly the most significant finding in this study is the higher
defensiveness score for patients with limb preservation. For the
MMPI, the limb-preservation patients scored significantly higher
than the patients that had amputations in theK scale, also referred
to as the defensiveness scale. A higher score suggests that patients
with limb-preservation revealed less on the questionnaire, com-
pared to patients who underwent limb amputation. Cognitive
dissonance could explain the reason that the amputation group
was not as defensive. Cognitive dissonance theory suggests that
people feel distress when there is inconsistency in our beliefs and
actions. One will then try to resolve this distress by changing his
or her beliefs, actions or even just the perception of the actions.
The amputee group may feel that removal of the affected limb
has eliminated the chance of recurrence, and therefore may have
greater peace of mind and less psychological distress compared to
the limb-preservation patients. Such dissonance may also explain
why prior studies suggest those with amputation have less anxiety,
especially after adjustment for demographic variables (36).
One limitation of our study is the small number of adoles-
cent patients, especially patients who received amputation (n= 4).
Although limb-preservation surgery has come to dominate the
surgical approach to extremity sarcoma, extent of disease, neu-
rovascular involvement, surgical preference, and the patient’s pre-
conceived preference for surgery or psychological profile may
have influenced the choice of the procedure. The physicians and
surgeons are instrumental in molding patient expectations and
this could alter long-term psychological outcome. By recogniz-
ing this potential bias, a psychologist could intervene to help
patients better understand their own decisions of amputation
versus limb-preservation and their long-term expectations. There
may have been selection bias in which subsequent quality of life
differences were secondary to baseline characteristics. These base-
line features include factors such as the size of the tumor and the
extent of disease spread that might influence the outcome in ways
that cannot easily be identified. It will not be possible to eliminate
this limitation in the context of this study. The MMPI measures
personal, social, and behavioral issues. Life-altering surgery could
easily affect these areas. We cannot exclude a pre-existing psycho-
logical condition prior to surgery. The clinical scales of the MMPI
variables present some difficulty in the analysis. We can speculate
that the psychological profile of an individual should remain stable
over time whereas the quality of life of patients differs more over
time. This could explain our failure to detect any statistically sig-
nificant difference in the MMPI. Another limitation to our study
is that we are unsure how non-response bias has influenced the
results. Although the adolescent group was a small number, we
included their results in the measures that were not validated for
their age group since excluding them in the final analysis did not
produce any statistically significant changes in the results. A final
limitation of our study is multiple comparisons that may lead to
false positive results. Our study must be viewed as exploratory
to identify domains that differ between the groups that can be
validated in a subsequent study. We detected a significant differ-
ence in Overall Quality of Life between the two groups, without
necessitating subgroup or sub-domain analyses.
There are multiple quality of life measures and the prior studies
have been inconsistent in their results. In choosing a much longer
and more robust measure for the quality of life, we have erred on
the side of sensitivity to detect a difference in our patient pop-
ulation and therefore needs to be further validated in a future
study. One main challenge that we hoped to accomplish was
measuring the psychological outcomes of young adult cancer sur-
vivors utilizing the MMPI-A. However, our study did not have
enough adolescent patients to have any statistically significant
outcomes.
Based on this study and coupled with the results of the prior
studies (34, 35, 37), lower extremity limb-preservation patients
have better functional outcomes and quality of life than amputa-
tion patients. Future quality of life orthopedic outcome procedure
comparison studies of bone tumor survivors will be difficult, as
the majority of patients at present have limb-preservation surgery
making the accrual of patients with amputation time consuming
and potentially biased. The accrual of these rare patients would
mandate a multi-institutional study. Further studies should be
geared toward confirming the statistically significant values that
affected overall quality of life as identified in this study with the
concept of cognitive dissonance underscoring the results.
ACKNOWLEDGMENTS
This work was supported in part by the FOSTER Foundation.
REFERENCES
1. Williard WC, Collin C, Casper ES.
The changing role of amputation for
soft tissue sarcoma of the extrem-
ity in adults. Surg Gynecol Obstet
(1992) 175:389–96.
2. Rosen G, Murphy ML, Huvos
AG, Gutierrez M, Marcove RC.
Chemotherapy, en bloc resection,
and prosthetic bone replacement
in the treatment of osteogenic
sarcoma. Cancer (1976) 37:1–11.
doi:10.1002/1097-0142(197601)37:
1<1::AID-CNCR2820370102>3.0.
CO;2-3
3. Eilber FR, Eckhardt J, Mor-
ton DL. Advance in the
treatment of sarcomas of the
extremity: current status of
limb salvage surgery. Cancer
(1984) 54:2695–701. doi:10.1002/
1097-0142(19841201)54:2+<2695:
:AID-CNCR2820541415>3.0.CO;
2-O
www.frontiersin.org August 2013 | Volume 3 | Article 210 | 5
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mason et al. QOL after lower extremity surgery
4. Eilber FR, Morton DL, Eckardt J,
Grant T, Weisenburger T. Limb
salvage for skeletal and soft tis-
sue sarcomas. Cancer (1984)
53:2579–84. doi:10.1002/1097-
0142(19840615)53:12<2579::AID-
CNCR2820531202>3.0.CO;2-V
5. Brennan MF, Casper ES, Harrison
LB, Shiu MH, Gaynor J, Hajdu SI.
The role of multimodality ther-
apy in soft-tissue sarcoma. Ann
Surg (1991) 214:328–37. doi:10.
1097/00000658-199109000-00015
6. Williard WC, Hajdu SI, Casper ES.
Comparison of amputation with
limb-sparing operations for adult
soft tissue sarcoma of the extremity.
Ann Surg (1992) 215:269–75.
doi:10.1097/00000658-199203000-
00012
7. Brennan MF. Management of
extremity soft-tissue sarcoma. Am J
Surg (1989) 158:71–8. doi:10.1016/
0002-9610(89)90319-X
8. Lindberg RD, Martin RG, Roms-
dahl MM, Barkley HT Jr. Conser-
vative surgery and postoperative
radiotherapy in 300 adults with
soft-tissue sarcomas. Cancer (1981)
47:2391–7. doi:10.1002/1097-
0142(19810515)47:10<2391::AID-
CNCR2820471012>3.0.CO;2-B
9. Karakousis CP, Emrich LJ, Rao U,
Khalil M. Selective combination of
modalities in soft tissue sarcomas:
limb salvage and survival. Semin
Surg Oncol (1988) 4:78–81. doi:10.
1002/ssu.2980040115
10. Rosenberg SA, Tepper J, Glatstein
E, Costa J, Baker A, Brennan M,
et al. The treatment of soft tis-
sue sarcomas of the extremities:
prospective randomized evalua-
tions of (1) limb-sparing surgery
plus radiation therapy compared
with amputation and (2) the
role of adjuvant chemotherapy.
Ann Surg (1982) 196:305–15.
doi:10.1097/00000658-198209000-
00009
11. Gorlick R, Bernstein ML, Toretsky
JA, Randall RL, Gebhardt MC, Teot
LA, et al. Pediatric bone tumors.
In: Holland J, Frei E, editors. Can-
cer Medicine, 7th ed. Hamilton, ON:
BC Decker (2006). p. 2019–27.
12. Meyers PA, Gorlick R. Osteosar-
coma. Pediatr Clin North Am
(1997) 44:973–90. doi:10.1016/
S0031-3955(05)70540-X
13. Meyers PA, Gorlick R, Heller G,
Casper E, Lane J, Huvos AG, et
al. Intensification of preoperative
chemotherapy for osteogenic sar-
coma: results of the Memorial
Sloan-Kettering (T12) protocol. J
Clin Oncol (1998) 16(7):2452–8.
14. Sugarbaker PH, Barofsky I, Rosen-
berg SA, Gianola FJ. Quality of life
assessment of patients in extrem-
ity sarcoma clinical trials. Surgery
(1982) 91:17–23.
15. Weddington WW, Seagraves KB,
Simon MA. Psychological outcome
of extremity sarcoma survivors
undergoing amputation or limb
salvage. J Clin Oncol (1985) 3:
1393–9.
16. Postma A, Kingma A, De Ruiter
JH, Schraffordt Koops H, Veth RP,
Goëken LN, et al. Quality of life
in bone tumor patients compar-
ing limb salvage surgery and ampu-
tation of the lower extremity. J
Surg Oncol (1992) 51:47–51. doi:10.
1002/jso.2930510113
17. Chang AE, Steinberg SM, Culnane
M, Lampert MH, Reggia AJ, Simp-
son CG, et al. Functional and psy-
chosocial effects of multimodality
limb-sparing therapy in patients
with soft tissue sarcoma. J Clin
Oncol (1989) 7:1217–28.
18. Tabone MD, Rodary C, Oberlin O,
Gentet JC, Pacquement H, Kalifa C.
Quality of life of patients treated
during childhood for a bone tumor:
assessment by the Child Health
Questionnaire.Pediatr BloodCancer
(2005) 45(2):207–11. doi:10.1002/
pbc.20297
19. Zahlten-Hinguranage A, Bernd
L, Sabo D. Amputation or
limb salvage? Assessing qual-
ity of life after tumor opera-
tions of the lower extremity.
Orthopade (2003) 32(11):1020–7.
doi:10.1007/s00132-003-0548-5
20. Hillmann A, Hoffmann C, Gosheger
G, Krakau H, Winkelmann W.
Malignant tumor of the distal part
of the femur or the proximal part
of the tibia: endoprosthetic replace-
ment or rotationplasty. Functional
outcome and quality-of-life mea-
surements. J Bone Joint Surg Am
(1999) 81(4):462–8.
21. Felder-Puig R, Formann AK, Mild-
ner A, Bretschneider W, Bucher
B, Windhager R, et al. Quality of
life and psychosocial adjustment
of young patients after treatment
of bone cancer. Cancer (1998)
83(1):69–75. doi:10.1002/(SICI)
1097-0142(19980701)83:1<69:
:AID-CNCR10>3.0.CO;2-A
22. Nagarajan R, Clohisy DR, Neglia JP,
Yasui Y, Mitby PA, Sklar C, et al.
Function and quality-of-life of sur-
vivors of pelvic and lower extrem-
ity osteosarcoma and Ewing’s sar-
coma: the Childhood Cancer Sur-
vivor Study. Br J Cancer (2004)
91(11):1858–65. doi:10.1038/sj.bjc.
6602220
23. Zahlten-Hinguranage A, Bernd L,
Ewerbeck V, Sabo D. Equal quality
of life after limb-sparing or ablative
surgery for lower extremity sarco-
mas.Br JCancer (2004) 91(6):1012–
4.
24. Eiser C, Darlington AS, Stride
CB, Grimer R. Quality of life
implications as a consequence of
surgery: limb salvage, primary and
secondary amputation. Sarcoma
(2001) 5(4):189–95. doi:10.1080/
13577140120099173
25. Greenberg DB, Goorin A, Gebhardt
MC, Gupta L, Stier N, Harmon D,
et al. Quality of life in osteosarcoma
survivors.Oncology (1994) 8:19–35.
26. Rougraff BT, Simon MA, Kneisl JS,
Greenberg DB, Mankin HJ. Limb
salvage compared with amputation
for osteosarcoma of the distal end of
the femur. J Bone Joint Surg (1994)
76:649–56.
27. Sawyer MG, Antoniou G, Nguyen
AMT, Toogood I, Rice M, Baghurst
P. A prospective study of the
psychologic adjustment of chil-
dren with cancer. J Pediatr Hema-
tol Oncol (1995) 17:39–45. doi:10.
1097/00043426-199502000-00007
28. Horowitz SM, Glasser DB, Lane JM,
Healey JH. Prosthetic and extremity
survivorship after limb salvage for
sarcoma. How long do the recon-
structions last?ClinOrthopRelatRes
(1993) 293:280–6.
29. Evans DR, Cope WE. Manual
for the Quality of Life Question-
naire. Toronto: Multi-Health Sys-
tems (1989).
30. Butcher JN, Williams CL, Gra-
ham JR, Ben-Porath YS, Tellegen A,
Dahlstrom WG. MMPI –Minnesota
Multiphasic Personality Inventory:
Manual for Administration, Scor-
ing and Interpretation. Minneapo-
lis: University of Minnesota Press
(1992).
31. Caldwell AB. A Handbook of MMPI
Personality Types. Santa Monica,
CA: Clinical Psychological Services
(1975).
32. McGrath PA, de Veber LL, Hearn
MT. Multidimensional pain assess-
ment in children. Adv Pain Res Ther
(1985) 9:387–93.
33. Frances JM, Morris CD, Arkader
A, Nikolic ZG, Healey JH. What
is quality of life in children with
bone sarcoma?ClinOrthopRelat Res
(2007) 459:34–9. doi:10.1097/BLO.
0b013e31804f545d
34. Pardasaney PK, Sullivan PE, Portney
LG, Mankin HJ. Advantage of limb
salvage over amputation for prox-
imal lower extremity tumors. Clin
Orthop Relat Res (2006) 444:201–
8. doi:10.1097/01.blo.0000195413.
16150.bc
35. Ginsberg JP, Rai SN, Carlson CA,
Meadows AT, Hinds PS, Spearing
EM, et al. A comparative analysis
of functional outcomes in adoles-
cents and young adults with lower-
extremity bone sarcoma. Pediatr
Blood Cancer (2007) 49(7):964–9.
doi:10.1002/pbc.21018
36. Zebrack BJ, Zevon MA, Turk N,
Nagarajan R, Whitton J, Robison
LL, et al. Psychological distress in
long-term survivors of solid tumors
diagnosed in childhood: a report
from the childhood cancer sur-
vivor study. Pediatr Blood Cancer
(2007) 49(1):47–51. doi:10.1002/
pbc.20914
37. Robert RS, Ottaviani G, Huh WW,
Palla S, Jaffe N. Psychosocial and
functional outcomes in long-term
survivors of osteosarcoma: a com-
parison of limb-salvage surgery and
amputation. Pediatr Blood Cancer
(2010) 54(7):990–9. doi:10.1002/
pbc.22419
38. Barrera M, Teall T, Barr R, Silva
M, Greenberg M. Sexual func-
tion in adolescent and young
adult survivors of lower extremity
bone tumors. Pediatr Blood Cancer
(2010) 55(7):1370–6. doi:10.1002/
pbc.22761
39. Barrera M, Teall T, Barr R, Silva M,
Greenberg M. Health related qual-
ity of life in adolescent and young
adult survivors of lower extremity
bone tumors. Pediatr Blood Cancer
(2012) 58(2):265–73. doi:10.1002/
pbc.23017
Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any com-
mercial or financial relationships that
could be construed as a potential con-
flict of interest.
Received: 14 June 2013; accepted: 30 July
2013; published online: 14 August 2013.
Citation: Mason GE, Aung L, Gall S,
Meyers PA, Butler R, Krüg S, Kim
M, Healey JH and Gorlick R (2013)
Quality of life following amputation or
limb preservation in patients with lower
extremity bone sarcoma. Front. Oncol.
3:210. doi: 10.3389/fonc.2013.00210
This article was submitted to Frontiers in
Pediatric Oncology, a specialty of Fron-
tiers in Oncology.
Copyright © 2013 Mason, Aung , Gall,
Meyers, Butler , Krüg , Kim, Healey and
Gorlick. This is an open-access article
distributed under the terms of the Cre-
ative Commons Attribution License (CC
BY). The use, distribution or reproduc-
tion in other forums is permitted, pro-
vided the original author(s) or licensor
are credited and that the original publica-
tion in this journal is cited, in accordance
with accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.
Frontiers in Oncology | Pediatric Oncology August 2013 | Volume 3 | Article 210 | 6
